PCT 



WORLD INTELLECTUAL PROPERTY ORGAN 
International Bureau 



INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(51) International Patent Classification 6 
A01K 



A2 



(11) International Publication Number: WO 98/01023 

(43) International Publication Date: 15 January 1998 (15.01.98) 



(21) International Application Number: PCT/US97/1 1668 

(22) International Filing Date: 2 July 1997 (02.07.97) 



(30) Priority Data: 
60/021,342 
08/885,572 



8 July 1996 (08.07.96) US 
30 June 1997 (30.06.97) US 



(71) Applicant: AGRITECH ELECTRONICS, L.C. [US/US]; 120 

N. Lincoln. Chanutc, KS 66720 (US). 

(72) Inventor: MARSH, Robert, E.; 6000 Brookside Boulevard 

Kansas City, MO 641 13 (US). 

(74) Agent: DICKEY, Steven, R.; Hovey. Williams, Timmons & 
Collins, Suite 400, 2405 Grand Boulevard, Kansas City MO 
64108 (US). 



(81) Designated States: AU. BR f CA, NZ. 



Published 

Without international search report and to be republished 
upon receipt of that report. 



(54) Tide: FENCELESS ANIMAL CONTROL SYSTEM USING GPS LOCATION INFORMATION " 
(57) Abstract 



FOR THE PURPOSES OF INFORMATION ONLY 



Codes used «o identify States party to the PCT on the front pages of pamphtets publishing international applications under the PCT. 



AL 


Albania 


ES 


AM 


Armenia 


FI 


AT 


Austria 


FR 


AU 


Australia 


GA 


AZ 


Azerbaijan 


GB 


BA 


Bosnia and Herzegovina 


GE 


BB 


Barbados 


GH 


BE 


Belgium 


GN 


BF 


Burkina Paso 


GR 


BG 


Bulgaria 


HU 


BJ 


Benin 


IE 


BR 


Brazil 


IL 


BY 


Belarus 


IS 


CA 


Canada 


IT 


CF 


Centra) African Republic 


JP 


CC 


Congo 


KB 


CH 


Switzerland 


KG 


CI 


Cote d'lvoire 


KP 


CM 


Cameroon 


CN 


China 


KR 


cu 


Cuba 


KZ 


cz 


Czech Republic 


LC 


DE 


Germany 


U 


DK 


Denmark 


LK 


EE 


Estonia 


LR 



Spain 
Finland 
France 
Gabon 

United Kingdom 

Georgia 

Otuna 

Ouinea 

Greece 

Hungary 

Ireland 

Israel 

Iceland 

Italy 

Japan 

Kenya 

KyrgyzsUn 

Democratic People's 

Republic of Korea 

Republic of Korea 

Ktxakstan 

Saint Lucia 

Liechtenstein 

Sri Lanka 

Liberia 



IS Lesotho 

LT Lithuania 

LU Luxembourg 

LV Latvia 

MC Monaco 

MD Republic of Moldova 

MC Madagascar 

MK The former Yugoslav 

Republic of Macedonia 

ML Mali 

MN Mongolia 

MR Mauritania 

MW Malawi 

MX Mexico 

NE Niger 

NL Netherlands 

NO Norway 

NZ New Zealand 

PL Poland 

PT Portugal 

RO Romania 

RU Russian Federation 

SO Sudan 

SE Sweden 

SG Singapore 



SI 


Slovenia 


SK 


Slovakia 


SN 


Senegal 


sz 


Swaziland 


TD 


Chad 


TC 


Togo 


TJ 


Tajikistan 


TM 


Turkmenistan 


TR 


Turkey 


TT 


Trinidad and Tobago 


UA 


Ukraine 


UG 


Uganda 


US 


Unked States of America 


uz 


Uzbekistan 


VN 


Viet Nam 


YU 


Yugoslavia 


ZW 


Zimbabwe 



-1- 



FENCELESS ANIMAL CONTROL SYSTEM 
USING GPS LOCATION INFORMATION 



5 



10 



15 



20 



25 



30 



BACKGROUND OF THE INVENTION 

1. FIELD OF THE INVENTION 

This invention relates to the fenceless control 
of animals, and more particularly, to the control of 
livestock utilizing a receiver attached to the animal that 
receives data identifying the location of the animal and 
administers appropriate control stimuli to the animal 
based on the location of the animal relative to the 
desired location. 



2. DESCRIPTION OF THE PRIOR ART 
Animal Confinement 

Various conventional fencing systems are 
currently used to control the location of livestock. 
These systems include barrier fencing (such as barbed wire 
fencing) that physically blocks the movement of the animal 
and electric fencing that utilizes an electric shock to 
control the animal. The use of electric fencing has 
become more widespread because of its lower cost and ease 
35 of relocation. 
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Electric fencing has particular application in 
managed intensive grazing in which a large number of 
animals are confined to a smaller pasture area for a 
relatively short duration. Studies have shown that this 
higher stocking density followed by a longer period of no 
grazing yields significantly increased pasture 
productivity. This method more closely replicates the 
movement of an unrestrained herd of grazing animals and is 
more consistent with the evolutionary development of both 
grasses and grazing animals. Unfortunately, this method 
is labor intensive and requires substantial investment in 
electric fencing materials. 

It is well established that animals respond to 
electrical stimuli, as evidenced by the effectiveness of 
electric fencing. A more recent development is the use of 
electrical stimulation via a stimulation device attached 
to the animal. Pet confinement systems have been 
developed that utilize an animal-attached receiver that 
applies an electrical shock when the animal approaches the 
proximity of a buried, current conducting, wire. Recent 
research has established that such a system also has 
application to livestock control. 

U.S. Patent No. 5,408,956, incorporated herein 
by reference as part of the disclosure hereof, describes 
a system in which animals wear small ear tag receivers 
that are activated when the animal enters an exclusion 
zone defined by stationary field transmitters. This 
system has particular application for locations in which 
traditional fencing is impractical and it is necessary to 
permanently exclude animals from sensitive areas. 

Various methods have been developed for applying 
aural and electrical stimulus, including the ear tag 
described in U.S. Patent No. 5,408,956 and the electronic 
nose clip described in U.S. Patent No. 5,307,759 
incorporated herein by reference as part of the disclosure 
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hereof. Collar-mounted units are widely used in dog and 
other appropriate confinement applications. it is 
desirable to provide an audible signal prior to applying 
any electrical shock to allow the animal time to move and 
avoid the shock. In practice, the audible signal is 
generally sufficient to cause the desired animal movement. 

Position Determination 

Significant advancements have been made in the 
technology available to precisely determine the location 
of an object. The United States government has placed in 
operation a multiple satellite global positioning system 
("GPS"). A GPS receiver receives signals from multiple 
satellites and calculates the position of the receiver 
based on the signal data. The method of operation of GPS 
systems is well known. For example, U.S. Patent No. 
5,379,224, incorporated herein by reference as part of the 
disclosure hereof, describes GPS system operation in 
detail. Even greater accuracy is possible with a 
"differential" GPS method that determines a correction 
factor based on the difference between the GPS-determined 
location of a fixed station and the actual known location 
of that station. 

Many types of GPS receivers are available. Most 
include components to perform the processing functions 
necessary to convert the GPS satellite data into location 
information. Some receivers simply retransmit the data 
received from the GPS satellite to a central processing 
unit that converts that data into location information, in 
an effort to reduce the cost of the receiver components. 

SUMMARY OF THE INVENTION 

The present invention enables an animal 
confinement system that does not require physical fencing 
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and that permits virtually labor-free redefinition of the 
confinement boundaries. 

In the preferred embodiment a portable unit is 
attached to each animal that includes a GPS receiver and 
a means for providing an audible signal and an electrical 
shock. Each portable unit further includes a suitable 
battery and appropriate electrical circuitry. 

In one embodiment, the portable unit also 
contains signal processing components necessary to convert 
the GPS signal into location information and a remotely 
programmable memory to receive and store the desired 
boundary parameters. Circuitry within the portable unit 
compares the GPS-defined location information with the 
defxned boundary parameters and activates the audible 
signal, and if necessary, the electrical shock circuitry 
when the portable unit approaches the defined boundary' 
For increased precision, a fixed station may also be used 
with this arrangement for differential GPS positioning. 

In another embodiment, the portable unit 
receives the GPS signal and retransmits it to a fixed 
statin. The fixed station receives and stores the 
desxred boundary parameters, performs the necessary signal 
processing to convert the GPS data to location 
information, and performs the necessary comparison of the 
unit location and the defined boundary. The fixed station 
then, xf necessary, transmits to the portable unit 
appropriate signals activating the audible warning and if 
necessary, the electrical shock circuitry located in the 
portable unit. 

Another aspect of this invention is to provide 
specif xc location information with respect to each animal 
to facilitate animal location, counting and the monitoring 
of individual animal behavior. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a block diagram illustrating the 
primary physical elements of the present invention; 

FIG. 2 is a block diagram illustrating the 
primary functional components of one embodiment of the 
present invention; 

FIG. 3 is a block diagram illustrating the 
primary functional components of another embodiment of the 
present invention; 

FIG. 4 is a flowchart of the signal processing 
and stimulus determination process of the present 
invention; and 

FIG. 5 is a block diagram illustrating the 
primary physical elements of the portable unit of Fig. i. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 

Referring now to the drawings for an overview of 
the present invention, FIG. i illustrates the primary 
components of one embodiment of the present invention 
20 GPS satellites 10 and 12 continuously transmit data 
signals. Attached to each animal 14 is a portable unit 
16. A system operator 70, enters the desired boundary 
parameters using a boundary definition transmitter 72 that 
transmits a boundary definition signal received by a 
25 receiver in the portable unit 16. a fixed station 50 may 
be used for signal processing and/or differential 
positioning for increased accuracy. 

Referring now to FIG. 2, the portable unit 

30 T 1 ;*: 5 3 CeCeiVer 30 that — ives signals from GPS 

satellites 10 and 12. Timing circuit 29 periodically 
act lvat Gps rece . ver 3Q ^ appropriate 

intervals to conserve energy. Satellite signals are 
processed by processor 32 to provide location information 
data The operation of GPS receivers and the processing 
of the signals to yield location data are well known in 
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the art such as described in U.S. Patent 5,379,224, 
previously incorporated herein by reference. 

The portable unit 16 also contains a receiver 40 
that receives a boundary definition signal incorporating 
boundary definition data provided by the system operator 
70. The operator 70 enters the desired boundary 
parameters into a boundary definition transmitter 72 that 
transmits a signal containing that data to receiver 40. 
The boundary parameter data is stored in memory 42. 
Comparison processor 44 compares the location information 
data provided by processor 32 with the desired parameters 
received by receiver 40 and stored in memory 42. if the 
location information indicates that the portable unit is 
within a predefined distance of the boundary parameters 
comparison processor 44 provides an output signal to 
stimulation processor 46 indicating that a boundary 
violation has occurred. 

Upon occurrence of a boundary violation as 
indicated by comparison processor 44, stimulation 
processor 46 is activated. Based on the flowchart shown 
in FIG. 4/ stimulation processor 46 determines the 
appropriate stimulus (audible or shock) and the timing of 
the stimulus. A locking means is appropriate to prevent 
excessive stimulation. U.S. Patent No 5,408 956 
previously incorporated herein by reference, describes in 
detail a suitable stimulation circuit and locking means. 

As shown in FIG. 5, the portable unit includes 
a battery 20, electrodes 22 and 24, antenna 26, and a 
housing 28 containing stimulus and receiving components 
and circuitry and, in one embodiment, processing 
com p0 n ents . The portable unit also includes animal 
attachment structure such as ear tag bolt 21. U.S. Patent 
No. 5,408,956, previously incorporated herein by 
reference, provides a detailed description of the 
structure and operation of a portable unit that could be 
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adapted for use with the present invention by one skilled 
in the art. 

The processing functions performed in processor 
32, comparison processor 44 and stimulation processor 46 
could be performed using one or more computers, 
programmable microprocessor controllers, or similar 
devices well known in the art. Alternatively, these, and 
other elements of the present invention could be 
incorporated in a single suitable integrated circuit or 
microprocessor . 

As shown in Fig. 2, for increased accuracy 
differential positioning can be utilized incorporating an 
error correction factor provided by a fixed station 80 
located at a known position. The GPS signals are received 
by fixed station receiver 81 and GPS location information 
for the fixed station is determined from the signals by 
fixed station processor 82. An error correction factor is 
determined by processor 82 and transmitted by fixed 
station transmitter 84 to receiver 40. Differential 
positioning is well known in the art and is described in 
detail in U.S. Patent 5,379,224, previously incorporated 
herein by reference. other enhanced accuracy GPS 
positioning techniques exist and the present invention is 
not intended to be limited to the methods described. One 
skilled in the art could apply any GPS positioning method 
to the present invention. 

Although Fig. 2 shows a fixed station to afford 
differential positioning capability, it is important to 
note that this fixed station is not necessary for a fully 
functional system. A fully functional system is afforded 
by only the portable unit components shown in Fig. 2. 

As shown in FIG. 3, in an alternative embodiment 
of the invention, the signal processing function is 
performed at a fixed station 50 that receives unprocessed 
GPS data from multiple portable units. The fixed station 
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input register 54 is loaded with boundary parameters, 
either manually or using a remote transmitter comparable 
to that shown as element 72 in FIG. 2. Fixed station 
receiver 52 receives retransmitted signals from the 
portable unit. Fixed station processor 56 processes the 
retransmitted data to determine the location of the 
portable unit and compares the portable unit location with 
the desired boundary parameters entered in register 54. 
If a boundary violation is detected for any portable unit, 
stimulation processor 58 determines the appropriate 
stimulation and transmits an appropriate stimulation 
command to the portable unit 16 via transmitter 59. The 
transmitted signal includes an appropriate code to insure 
that only the specified portable unit is activated. The 
fixed station is constructed of a durable, weatherproof 
material and is ideally located as near as practical to 
the center of the pasture. 

In the alternative embodiment shown in FIG. 3, 
each portable unit contains, in addition to GPS receiver 
30, a transmitter 60 for retransmitting data to the fixed 
station 50, and a receiver 64 for receiving signals from 
the fixed station. Encoder 62 adds an appropriate code to 
the retransmitted signal to identify the specific source 
portable unit. Upon occurrence of a boundary violation, 
the fixed station transmitter 59 transmits an appropriate 
activation signal to the portable unit receiver 64 to 
trigger either a tone generated by speaker circuit 66 or 
a shock administered by shock circuit 68. 

In this embodiment, processors 56 and 58 (which 
correlate to processors 32, 44, and 46 in the embodiment 
shown in FIG. 2.) are all contained within the fixed 
station. The fixed station may also include a separate 
GPS receiver and be used to facilitate differential 
positioning in this embodiment as well. it should be 
noted that in this embodiment information is available at 
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the fixed station that is sufficient to provide complete 
information on the location of all animals in the herd. 
That information could be retransmitted to an appropriate 
control location or displayed or printed by the fixed 
station. If desired, an alarm could be activated at the 
fixed station to advise the operator if an animal crosses 
the defined boundary. 

An alternative embodiment of the system 
described above incorporates within the ear tag means for 
monitoring desired physiological parameters of the animal, 
such as body temperature, blood pressure, or heart 
parameters. Systems for monitoring these parameters are 
well known, such as the system described in U.S. Patent 
No. 4,399,821, incorporated herein by reference and made 
a part of the disclosure hereof. Signals representing 
this physiological information are included with the 
location information signals transmitted to the fixed 
station. In this embodiment complete information regarding 
the animal and its location is available at the fixed 
station or can be retransmitted from the fixed station to 
a separate control location. 

Referring now to FIG. 2 to describe the 
operation of the present invention, operator 70 enters 
appropriate boundary parameters in the data entry register 
of boundary definition transmitter 72. For example, the 
operator may define a rectangle by entering the latitude 
and longitude of each of the four corners, either by 
direct entry of the parameters or my moving the boundary 
definition transmitter to a desired point and utilizing 
GPS location determination means in the boundary 
definition transmitter to determine the latitude and 
longitude of that point and enter those parameters as the 
desired corner location. similarly, the operator could 
define a circle by the latitude and longitude of its 
center and a specified radius. other standard shapes 
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could be preprogrammed into the data entry register of the 
boundary definition transmitter 72. The design and 
operation of a suitable transmitter and means for entering 
boundary parameters are well known in the art and are not 
repeated here. 

The boundary definition signal transmission from 
transmitter 72 is received by receiver 40 and the data is 
stored in memory 42. At this point, no further operator 
involvement is needed until it is desired to change the 
boundary parameters. 

Animal 14 wearing a portable unit 16 grazes 
within a pasture, in most cases the pasture win have a 
boundary fence surrounding the overall pasture T „e 
ammal's movement within the pasture, however, win be 
controlled by the present invention. As the animal 
grazes, the GPS receiver 30 is periodically activated by 
timmg circuit 29 to receive GPS signals from satellites 
10 and 12. Receiver activation should occur at least once 
per second. Receiver 30 provides a signal to processor 32 
for conversion into location information. Location 
information is conveyed from processor 32 to comparison 
processor 44. If comparison processor 44 determines that 
the ammal has moved to within a defined distance, for 
example, 5 meters, of the specified boundary stored in 
memory 42, the stimulation processor 46 is activated 

As shown in FIG. 4, stimulation processor 46 
determines the appropriate stimulation for a given 
boundary violation. initially the animal receives an 
audible warning via speaker circuit 48. In ^ 
situations, this warning should cause the animal to change 
direction to avoid an electrical shock. lf , noKever , 
after multiple successive samples the animal. s location 
.till causes a boundary violation, an electrical shock is 
applied via shock circuit «,. lt u ^cognized that GPS 
location error may result in slightly inconsistent 



boundary violation determinations. If excessive errors 
result in animal confusion, the stimulation processor 46 
could be programmed to require multiple violation signals 
before administering any audible signal or electrical 
shock. 

By periodically (or continuously) modifying the 
boundary parameters, it is possible to precisely manage 
movement of the herd. Thus this invention could be used 
to gradually move a group of animals to a desired 
destination for examination, shipment, or processing. 
Appropriate programming can be used to execute a series of 
pre-programmed boundary changes to effect desired animal 
movement, if boundary changes are possible without direct 
operator supervision, appropriate locking means, 
comparable to that disclosed in U.S. Patent No. 5,408,956, 
should be included to prevent repeated stimulation and 
confusion of a stationary animal. 

Although the embodiments described above are 
generally intended to confine the animal within a desired 
area, the opposite result of excluding the animal from a 
specified area would simply be a matter of defining the 
desired area to be all areas other than the specified 
exclusion area. 
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I claim: 

1. An apparatus for controlling the location of an 
animal comprising: 

a portable unit having means for attaching to the 
animal, said portable unit including 

GPS means for receiving GPS signals and responsive 

thereto for providing location information 

representative of the location of said unit and 

thereby the animal, and 
stimulation means activatable for applying 

stimulation to the animal. 

2. The apparatus as set forth in claim i, further 
including activation means including means for receiving 
said location information and responsive thereto for 
determining whether said location is outside a defined 
area and if so, for activating said stimulation means in 
order to encourage the animal to return to said area 
thereby controlling the location of the animal. 

3. The apparatus as set forth in claim 2, said 
portable unit including said activation means. 

4. The apparatus as set forth in claim 2 further 
including a fixed station including said activation means 
said GPS means including means for transmitting wireless 
location signals representative of said location 
information, said activation means including receiver 
means for receiving said location signals. 
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5. The apparatus as set forth in claim 2, said 
activation means including memory means for storing 
boundary definition information representative of said 
defined area and including means for retrieving said area 
data for use in determining whether said location is 
within said area. 
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6. The apparatus as set forth in claim 5, further 
including transmission means for transmitting signals 
representative of boundary definition information and said 
activation means further including means for receiving 
said signals and determining said boundary definition 
information . 

7. The apparatus as set forth in claim i, said 
stimulation including sound. 

8. The apparatus as set forth in claim l, said 
stimulation including electric shock. 

9. The apparatus as set forth in claim i, said GPS 
means including means for differential GPS positioning. 

10. The apparatus as set forth in claim 4, said 
portable unit including means for measuring at least one 
animal physiological parameter and said GPS means 
including means for transmitting wireless physiological 
parameter signals representative of said physiological 
parameter. 



30 



PCl/U^y7/11668 

-14- 

11. An apparatus for controlling the location of an 
animal comprising: 

a portable unit having means for attaching to the 

animal, said portable unit including 
GPS means for receiving GPS signals, 

transmission means for transmitting said GPS signals, 
and 

stimulation means activatable for applying 
stimulation to the animal. 

12. The apparatus as set forth in claim n, further 
including activation means including means for receiving 
GPS signals from said transmission means and responsive 
thereto for providing location information and means 
responsive thereto for determining whether said location 
is outside a defined area and if so, for activating said 
stimulation means in order to encourage the animal to 
return to said area thereby controlling the location of 
the animal. 

13. The apparatus as set forth in claim 12, further 
including a fixed station including 
said activation means including 

receiver means for receiving said GPS signals 
and responsive thereto for providing 
location information representative of the 
location of the portable unit and thereby 
the animal and 
means for determining whether said location is 
outside a defined area and if so, for 
activating said stimulation means in order 
to encourage the animal to return to said 
area thereby controlling the location of 
the animal. 
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14. The apparatus as set forth in claim 13, said 
activation means including memory means for storing area 
data representative of said defined area and including 
means for retrieving said area data for use in determining 
whether said location is within said area. 

15. The apparatus as set forth in claim 14, further 
including transmission means for transmitting signals 
representative of boundary definition information and said 
activation means further including means for receiving 
said signals and determining said boundary definition 
information. 



16. The apparatus as set forth in claim 13, said 
activation means further including means for generating a 
stimulation signal if the location of the portable unit is 
outside said defined area and means for transmitting said 
stimulation signal, and said portable unit further 
including means for receiving said stimulation signal and 
activating said stimulation means in response thereto. 

17. The apparatus as set forth in claim 11, said 
stimulation including sound. 

18. The apparatus as set forth in claim 11, said 
stimulation including electric shock. 

19. The apparatus as set forth in claim 12, said GPS 
means including means for differential positioning. 
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20. The apparatus as set forth in claim 13, said 
portable unit including means for measuring at least one 
animal physiological parameter and said GPS means 
including means for transmitting wireless physiological 
parameter signals representative of said physiological 
parameter. 
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